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DObjective: Neurologic complications after coronary artery bypass grafting remain a concern. Off-pump coro-
nary artery bypass grafting is a surgical strategy proposed to decrease this risk. Use of an off-pump anaortic tech-
nique, which leaves the ascending aorta untouched, may result in further reductions. This systematic review of
all published evidence compares neurologic complications after anaortic off-pump coronary artery bypass graft-
ing versus that with aortic manipulation.
Methods: PubMed and Embase were searched up to August 2008. Experts were contacted, and reference lists of
retrieved articles were hand searched. The search process was not limited to English-language sources. Obser-
vational studies comparing standard off-pump coronary artery bypass grafting technique with anaortic technique
were eligible for inclusion if they reported neurologic complications (stroke and transient ischemic attack).
Meta-analysis was conducted to assess differences between groups with regard to neurologic complications.
Results: Electronic search identified 1428 abstracts, which resulted in retrieval and detailed review of 331 full-
text articles. Eight observational studies reported neurologic complications in 5619 anaortic off-pump coronary
artery bypass grafting cases and 5779 cases with aortic manipulation. Postsurgical neurologic complications
were significantly lower in anaortic off-pump coronary artery bypass grafting cases (odds ratio, 0.46; 95% con-
fidence interval, 0.29–0.72; I2 ¼ 0.8%; P ¼ .0008).
Conclusions:Avoidance of aortic manipulation during off-pump coronary artery bypass grafting decreases neu-
rologic complications relative to standard technique in which the ascending aorta is manipulated. In patients at
high risk for stroke or transient ischemic attack, we recommend avoidance of aortic manipulation during off-
pump coronary artery bypass grafting. (J Thorac Cardiovasc Surg 2011;142:e11-7)Neurologic complications after coronary artery bypass
grafting (CABG) remain among the most devastating com-
plications. CABG performed on the beating heart with off-
pump techniques (OPCAB) was designed to reduce this
risk. A recently published meta-analysis that compared OP-
CAB with on-pump CABG, however, did not show a signif-
icant reduction in stroke in the patients undergoing
OPCAB.1 This finding is in accordance with a scientific
statement of the American Heart Association in which no
definitive answer could be given as to which surgical strat-
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The Journal of Thoracic and CaRecent evidence suggests that anaortic (or no-touch) tech-
niques in OPCAB, in which the ascending aorta is left
untouched, are able to reduce the risk of neurologic compli-
cations.3-5 The purpose of this project was to identify and
synthesize the evidence reporting neurologic complications
after OPCAB surgery to ascertain the baseline risk after
OPCAB and to determine whether anaortic OPCAB
provides additional risk reductions.MATERIALS AND METHODS
Literature Search
MEDLINE (http://www.pubmed.org) and Embase (http://www.embase.
com) were searched with appropriately broad Medical Subject Heading
(MeSH) and EMTREE terms to detect studies reporting outcomes from
CABG surgery with any form of no-touch or minimal aortic manipulation
procedure. All database search terms were selected to be highly sensitive.
A complete list of the terms used is available in the Appendix.
We searched our own personal files and reference lists, and identified
reviews were hand searched. The search was not restricted by language.
The search close out date was August 2008.
Study Selection
All studies reporting patient outcomes published in any language were
identified.6,7 Study selection was undertaken independently by 4 authors
(M.M., R.J.L.B., E.A.S., and G.S.D). A no-touch aortic manipulation
CABG procedure was defined as any procedure in which the ascendingrdiovascular Surgery c Volume 142, Number 2 e11
Abbreviations and Acronyms
CABG ¼ coronary artery bypass grafting
OPCAB ¼ off-pump coronary artery bypass
grafting
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Daorta, aortic arch, or both as well as the supra-aortic vessels, axillary ar-
teries, truncus brachiocephalicus, and carotid arteries, were not touched
during the operation. This was considered to represent an anaortic opera-
tion.
Off-pump CABG was defined as any revascularization procedure per-
formed on the beating heart without the use of cardiopulmonary bypass
and was referred to as OPCAB. Only studies reporting stroke-related neu-
rologic complications, such as stroke, transient ischemic attack, and (pro-
longed) reversible neurologic deficit, were considered for inclusion. We
relied on the authors’ procedures for diagnosis of these stroke-related neu-
rologic complications.
Only methodologically sound studies that were free from major meth-
odologic flaws were eligible (http://clinicalevidence.bmj.com/ceweb/
about/appraisal.jsp; visited March 6, 2009). Major methodologic flaws
were defined a priori as excessive (>20%) loss to follow-up or inappropri-
ate crossover between groups such that a significant proportion of patients
could not be analyzed according to the procedure that they were originally
intended to receive.
Publications based on subgroups of patients from larger published stud-
ies were not eligible for inclusion if the parent study’s patient population
was already deemed eligible.Validity Appraisal
All included studies were appraised on the reporting of 3 key methodo-
logic criteria: (1) the objective baseline risk of stroke, (2) reporting and al-
location of crossovers, and (3) the completeness of patient follow-up.
Validity appraisal was undertaken independently by all authors.
Outcomes
All types of stroke were considered. In addition, clinically meaningful
patient-oriented outcomes (mortality, quality of life, and physical func-
tion)8 were also reported and assessed.
All phases of study selection, validity appraisal, and data abstraction
were undertaken by all authors. At each phase, majority decisions pre-
vailed.
Statistical Analysis
Primary analysis was conducted with a fixed effects model9 with the
odds ratio metric.10 The underlying assumption behind the fixed effects
model, that the true treatment effect of magnitude (q) does not vary be-
tween studies, was assessed with a formal c2 test of study x treatment effect
homogeneity9 and was quantified with the I2 metric.11 In the presence of
important heterogeneity (heterogeneity P< .10), or if the I2 metric ex-
ceeded 50%,12 the following a priori identified potential sources of hetero-
geneity were to be investigated by means stratified analysis: (1) study
quality, (2) disease severity groupings, (3) intervention timing and dura-
tion, (4) concomitant interventions received, and (5) outcomemeasurement
and timing.13 If the source of heterogeneity could not be identified, meta-
analysis would not be undertaken and results from contributing trials would
be presented individually.
Analysis was conducted with RevMan version 4.2 software for Win-
dows (The Cochrane Collaboration, Oxford, UK). Two-tailed P values
were used to assess statistical significance or a trend toward
significance.e12 The Journal of Thoracic and Cardiovascular SurgRESULTS
Literature Search
The primary literature search identified 1428 abstracts.
Hand review of abstracts, contact with experts, and review
of reference lists resulted in the retrieval of 331 full-text
articles for detailed review.Study Selection
Details of the study selection process are presented in
Figure 1. A total of 8 studies were found to meet all inclu-
sion criteria.3-5,14-18 No on-topic studies were excluded for
methodologic reasons (excessive loss to follow-up, exces-
sive cross-overs).Included Articles
The 8 included articles reported neurologic outcome data
on 5619 patients who underwent some form of no-touch
OPCAB and 5779 patients who underwent standard
OPCAB with aortic manipulation. The median study size
was 1437 patients, with a range from 345 to 3003 patients.Validity Appraisal
Baseline risk factors for stroke that were found to be sig-
nificantly different between study groups are reported in
Table 1. No single risk factor was consistently reported
across all studies such that imbalance could be controlled
with multivariate or stratified analysis. Six trials did not
mention patient crossovers from no-touch to standard
OPCAB (or vice versa).4,5,14-17 One trial did mention
crossover, but patients were analyzed in the treatment
group to which they had originally been assigned.3 In an-
other trial, 4.3% of patients in the standard OPCAB group
and 4.7% of patients in the anaortic OPCAB group had
conversion to on-pump CABG and were excluded from
analysis.18
All studies entering the final analysis reported neurologic
outcomes for all patients enrolled, either as total numbers
and percentages of patients3-5,16-18 or as percentages of
patients.14,15Outcomes
The overall stroke rate among patients undergoing a no-
touch procedure was 0.5% (29/5619), compared with 1.4%
(81/5779) among patients undergoing standard OPCAB. In
the meta-analysis of all studies, the odds of stroke were sig-
nificantly lower for the no-touch OPCAB group (odds ratio,
0.29; P ¼ .0008; I2 ¼ 0.8%; Figure 2).
Only 6 studies reported mortality, which was variously
given as operative mortality,4 in-hospital mortality,5 and
30-day mortality.15-18 Mortality was not significantly
different between groups (odds ratio, 0.96; P ¼ 0.84;
I2¼ 0).No studies reported on long-term quality of life. Peri-
operative data were complete in all studies.ery c August 2011
FIGURE 1. Quality of reporting of meta-analyses diagram. Identification of eligible literature. N indicates number of articles or abstracts. CAB, Coronary
artery bypass grafting; OPCAB, off-pump coronary artery bypass grafting; AVR, aortic valve replacement.
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Patient age in each group was not reported by 1 trial.3
Preoperative risk of stroke was not presented by 2 trials.3,14
There was no difference in risk of stroke between groups in
3 studies,4,15,17 whereas patients undergoing anaortic
OPCAB had fewer risk factors for stroke in 2 studies5,16
and an increased risk for stroke in 1 study.18
Perioperative data were reported infrequently in all 8
studies analyzed. Preoperative carotid disease was not sig-
nificantly different between groups in 4 studies,5,14,17,18
higher in the anaortic OPCAB group in 2 studies (25.1%
vs 16,35%, P ¼ .04,15 and 4% vs 1.9%, P ¼ .0316), and
not reported in 1 study.4 Calafiore and colleagues3 reported
only the overall incidence of extracoronary vasculopathy.
Preoperative atrial fibrillation was not reported in 7The Journal of Thoracic and Castudies.4,5,14-18 One study reported that 68 patients had
preoperative atrial fibrillation without any cases of
postoperative stroke.3 Postoperative atrial fibrillation was
not significant different in 3 studies,4,16,17 not given in 4
studies,3,5,14,18 and significantly higher (18% vs 29%,
P ¼ .05) in the OPCAB group in 1 study.15
Intraoperative hypotension was not reported in 7 stud-
ies.4,5,14-18 One study reported a 1.9% overall incidence
of intraoperative low output syndrome (systolic blood
pressure<80 mm Hg) and a 12.2% overall incidence of
stroke without reporting the incidences in each group.3
In the OPCAB group, the proximal anastomosis was per-
formed with a side clamp in all studies.3-5,14-18 In 1 study,
a modified Vettath obturator was also used to perform the
proximal anastomosis in some patients.18 With regard tordiovascular Surgery c Volume 142, Number 2 e13
TABLE 1. Details of studies included into final analysis
Study Study period Location Patient age (y) Mortality Preoperative risk of stroke
Calafiore3 1988–2000 Cheti, Italy Not presented Not presented Not presented
Kim4 1998–2001 Seoul,
South Korea
AnOPCAB mean 61  9,
OPCAB mean 63  9
AnOPCAB 0.9% (2/222),
OPCAB 2.4% (3/123)
No difference between groups
Patel5 1997–2001 Liverpool, UK AnOPCAB median 61 (55–68),
OPCAB median 63 (55–69)
AnOPCAB 1.5% (9/597),
OPCAB 1.0% (5/520)
Fewer current smokers
in AnOPCAB (20.3% vs
30.4%, P<.0001)
Brucerius14 1996–2001 Leipzig, Germany AnOPCAB mean 62.2  10.6,
OPCAB mean 64.4  10.5
Not presented Not presented
Leacche15 1996–2001 Montreal, Canada AnOPCAB mean 62  13,
OPCAB mean 64  10
AnOPCAB 1.6% (2/84),
OPCAB 1.7% (9/556)
No difference between groups
Kapentanakis16 1998–2002 Washington, DC AnOPCAB mean 61.2  11.3,
OPCAB mean 66.2  10.7
AnOPCAB 1.5% (7/467),
OPCAB 1.9% (48/2527)
Less diabetes in AnOPCAB
(25% vs 33.6%, P<.0001),
less hypertension in
AnOPCAB (62.6% vs
69.1%, P<.01), less carotid
artery disease in AnOPCAB
(1.9% vs 4.0%, P ¼ .03)
Lev-Ran17 2000–2003 Tel Aviv, Israel AnOPCAB 67.4  11.5,
OPCAB 68.4  10.9
AnOPCAB 2.1% (9/429),
OPCAB 2.6% (7/271)
No difference between groups
Vallely18 2002–2006 Sydney, Australia AnOPCAB mean 67.6 (30.7–91.1),
OPCAB mean 67.6 (22.1–90.7)
AnOPCAB 1.4% (17/1201),
OPCAB 1.3% (7/557)
Greater obesity (body mass
index>30 kg/m2) in
AnOPCAB (30.2 vs 25.2%,
P ¼ .04)
AnOPCAB, Off-pump coronary artery bypass grafting without aortic manipulation; OPCAB, off-pump coronary artery bypass grafting with aortic manipulation.
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number of distal anastomoses. This number was statisti-
cally not significant different between operative groups in
2 studies15,17 and was significantly lower in the anaortic
OPCAB group in 2 other studies (3.2  0.9 vs 3.5  0.8,
P ¼ .0014 and 2.5 vs 2.6, P ¼ .003).18 One study reported
a significantly lower median number of distal anastomosis
in the anaortic OPCAB group (3 vs 4, P ¼ 0.001).5 One
study stated that complete revascularization was ‘‘moreFIGURE 2. Meta-analysis of trials comparing off-pump coronary artery bypas
CI, confidence interval.
e14 The Journal of Thoracic and Cardiovascular Surgfrequent in the OPCAB group’’ but without statistical sig-
nificance.15 Another study stated that ‘‘fewer grafts were
in the anaortic OPCAB group.’’16 One study compared
OPCAB with minimally invasive CABG. It can be assumed
that because of the limited access in minimally invasive
CABG operations, the total number of distal anastomoses
in that group would be smaller than that in the OPCAB
group.14 The number of distal anastomoses was not given
in 1 study.3s grafting (OPCAB) with and without aortic manipulation. OR, Odds ratio;
ery c August 2011
TABLE 2. Perioperative patient demographic data
Study No. Female (%)
Preoperative ejection
fraction
Complete arterial
revascularization (%)
Mean
grafts
Periop
MI (%) Wound infection
Kim4
AnOPCAB 222 26.6% 59%  10% 99.1% 3.2  0.9 1.4% Mediastinitis 1.4%
OPCAB 123 33.3% 55%  12% 10.6% 3.5  0.8 5.7% Mediastinitis 0.8%
Patel5
AnOPCAB 597 20.4% <30%: 7.4% 100% — — —
OPCAB 520 27.1% <30%: 5.8% — — — —
Brucerius14
AnOPCAB 1077 26.7% 57.0%  21.1% 100% — — —
OPCAB 765 19.9% 54.4%  20.2% — — — —
Leacche15
AnOPCAB 84 M/F ratio 5.14 57%  12% 77.3% 2.13  0.97 1.3% —
OPCAB 550 M/F ratio 3.55 54%  12% — 3.14  0.8 1.8% —
Kapentanakis16
AnOPCAB 476 34.9% <35%: 12% — 2.1 1.1% —
OPCAB 2527 31.4% <35%: 23.6% — 3.5 0.7% —
Lev-Ran17
AnOPCAB 429 27.3% <35%: 7.7% 100% 2.5  0.6 1.4% Deep 0.9%,
superficial 2.3%
OPCAB 271 30.0% <35%: 7.7% 100% 2.6  0.6 1.5% Deep 0.4%,
superficial 5.5%
Vallely18
AnOPCAB 1201 24.3% <30%: 4.6% 86.3% 2.5  1.2 0.58% 4.33%
OPCAB 557 28.2% <30%: 4.3% 24.4% 2.6  0.9 0.36% 4.13%
Periop MI, Perioperative myocardial infarction; AnOPCAB, off-pump coronary artery bypass grafting without aortic manipulation; OPCAB, off-pump coronary artery bypass
grafting with aortic manipulation.
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the anaortic OPCAB group, the authors of the analyzed stud-
ies did not mention graft flow measurements. No postopera-
tive angiography was routinely performed in these studies.
No comment on early graft patency can therefore be made.
Additional perioperative patient demographic data are
shown in Table 2. One articles3 did not present any of the
data given inTable 2 because of a different focus in that study.
Duration of operation was not given in any studies ana-
lyzed. Recovery timewas given as hospital stay in 5 studies.
Of these, 2 did not show any difference between groups,17,18
whereas 2 showed a shorter stay in the anaortic OPCAB
group (5.4  2.6 vs 6.8  6.1 days, P ¼ .04,15 and 5 vs 4
days, P< .0116). Median hospital stay was reported in 1
study (7 vs 6 days).5 Three studies did not report hospital
stay at all.3,4,14
Timing of postoperative neurologic complications was
not specifically reported in 5 studies.14-18 In the remaining
studies, neurologic complications were assessed at the
‘‘time of waking up,’’3 ‘‘one week postoperatively or earlier
if necessary,’’4 and ‘‘daily’’ with a mean period in which
stroke was assessed and treated of 11.7  9.5 days.5 No
studies reported post–hospital discharge follow-up.
Confirmatory Analysis
Analysis that used the random effects model with the rel-
ative risk metric confirmed our primary analysis, whichThe Journal of Thoracic and Caused the fixed effects model with the odds ratio metric.
The results of the random effects model demonstrated
a risk reduction of 0.47 in favor of the no-touch (anaortic)
method (P ¼ .002, I2 ¼ 1.4%).
DISCUSSION
This meta-analysis was conducted to compare the inci-
dence of neurologic complications between patients under-
going CABG with anaortic OPCAB techniques and those
undergoing CABG with OPCAB techniques including ma-
nipulation of the ascending aorta. Patients undergoing
anaortic OPCAB were found to have a significantly lower
postoperative incidence of neurologic complications.
Neurologic complications after CABG remain a serious
problem and may be associated with increased mortality
and morbidity, resulting in longer hospitalization and aug-
mented costs.19 Innovative strategies to reduce this risk in-
clude interventional or surgical techniques such as OPCAB.
In general, OPCAB techniques have failed to show a clear
benefit with regard to lessened neurologic complications rel-
ative to on-pump CABG techniques.1,2,20 In addition, there
is a trend toward a higher incidence of stroke among
patients undergoing conventional CABG than among those
undergoing percutaneous coronary interventions.21,22
Indeed, data from the landmark report of the SYNTAX trial
showed an 1.6% higher incidence of stroke in the CABG
group than in the percutaneous coronary interventionrdiovascular Surgery c Volume 142, Number 2 e15
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Dgroup.23 Although the timing of follow-up in the SYNTAX
trial (up to 1 year) was longer than in any studies included
in thismeta-analysis, 2 studies ofmore than 1000anaorticOP-
CAB cases included in our analysis3,18 described a stroke rate
of less than 0.3%. This suggests it may be possible to lower
the stroke rate with anaortic OPCAB techniques to that of
the percutaneous coronary intervention group of the Syntax
trial; however, longer term follow-up is needed in future stud-
ies to test this hypothesis.
With regard to CABG, it is well known that manipulation
of the aorta increases the risk of neurologic complications,
because atherosclerosis of the ascending aorta is the single
highest risk factor for stroke.24 Innovative strategies in sur-
gical revascularization procedures may therefore be needed
to address this issue. Anaortic or no touch techniques, with-
out manipulation of the aorta, may significantly improve
neurologic outcome by avoiding maneuvers of the aorta
(cannulation, crossclamping, declamping, partial clamping)
that are known to cause embolism.25
With this meta-analysis, we were able to support the con-
clusions drawn in a few previous reports of individual stud-
ies that anaortic techniques in CABG reduce the risk of
neurologic complications.3-5,14-18 Overall, 81 of 5779
patients in the OPCAB group with aortic manipulation
(1.4%) had strokes occur, compared with 29 of 5619
patients in the anaortic group (0.4%). The extremely low
measure of heterogeneity (I2 of 0.8%) demonstrates that
the primary assumptions of the fixed effects method have
been met, and—despite differences in patient selection,
outcome measures and operative techniques—it is
appropriate to pool studies to obtain an overall summary
estimate of treatment effect attributable to the use of an
anaortic OPCAB technique.
There was only 1 study5 that appeared to show a lower
rate of neurologic complications attributable to OPCAB
surgery than in the anaortic OPCAB group, and it is impor-
tant to understand that these differences were not statisti-
cally significant. Indeed, in that study only 3 of 597
patients in the anaortic group had a neurologic deficit, com-
pared with 2 of 520 patients in the group with aortic manip-
ulation.
Neurologic complications occurring in the anaortic OP-
CAB group may be related to hemodynamic changes dur-
ing the procedure, because the heart still has to be moved
during anaortic OPCAB surgery to allow visualization of
the target vessel. The change in heart position also affects
the aorta to some degree, which may have caused some of
the neurologic complications. In addition, it is known that
the cause of neurologic complications in 3% of patients
undergoing CABG who have strokes is multifactorial19
and thus may not be avoided by reducing the manipulation
of the aorta alone. Aortic manipulation does, however,
play a key role in the pathologic mechanism of perioper-
ative stroke.e16 The Journal of Thoracic and Cardiovascular SurgFurthermore, it needs to be addressed whether there is
a relationship between the degree or type of aortic manipu-
lation during OPCAB procedures and subsequent stroke. In
theory, proximal anastomotic devices that preclude the need
for a side clamp or cannulation of the aorta may be less trau-
matic and therefore cause fewer emboli than the use of
a crossclamp or side clamp. This is of importance because
for some patients with hemodynamic instability it may be
necessary to perform the operation on-pump with a beating
heart but still avoid the use of the side clamp for the proxi-
mal bypass graft anastomosis.
In general, only 8 studies from 331 full-text articles is
a small number of studies dealing with this topic. Further-
more, most of the included trials should be considered to
be methodologically weak. These findings underline the im-
portance of performing additional studies to address this is-
sue.We recommend that future observational studies should
consider objective and repeatable diagnostic procedures for
stroke and that patients should be followed-up after hospital
discharge. Additionally, we believe a multicenter, prospec-
tive, randomized trial to compare anaortic OPCAB versus
OPCAB with aortic manipulation with regard to neurologic
and cognitive function should be undertaken.
Strengths and Limitations
We conducted an extensive and comprehensive literature
search of multiple databases to identify studies published in
any language. The summary estimate obtained by combin-
ing all available studies is more convincing than any single
study.
If randomized, controlled trials had been conducted on
this topic, our search would have identified them. No ran-
domized, controlled trials were found.
The included articles are all low to moderate in methodo-
logic quality and vary with regard to the completeness of re-
porting of key study factors, such as age and previous risk of
stroke. These deficiencies do weaken our overall conclu-
sions; however, the preponderance of the evidence still sug-
gests benefit. It is also extremely important to note that
these reporting deficiencies did not allow us to control prop-
erly for imbalance in risk factors for stroke. It is possible
that patients at an overall lower risk of stroke were prefer-
entially chosen for the no-touch anaortic procedure. Better
conducted studies are clearly needed to address this ques-
tion with more certainty.
Although the included studies were conducted with dif-
ferent assessment time periods, used different processes to
select patients for each procedure, featured surgeons using
slightly different techniques, andmeasured outcomes in dif-
ferent ways, the magnitude of the treatment benefit ob-
served across the studies was remarkably consistent.
Because there is no evidence of statistical heterogeneity
and the magnitude of the observed treatment effect was con-
sistent across the included studies, it is valid to obtain anery c August 2011
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ences.9-11 Indeed, the presence of this consistency of
outcome benefit observed between studies suggests that
the reduction in stroke may be independent of selection
process, minor differences in technique, and timing of
outcome assessment. This hypothesis needs to be tested in
future studies.
CONCLUSIONS
The incidence of neurologic complications after CABG
surgery remains a concern for clinicians and patients. This
meta-analysis of all available observational studies demon-
strates that relative to OPCAB techniques in which the aorta
is touched use of an OPCAB technique that avoids manip-
ulation of the ascending aorta may reduce stroke rate. On
the basis of this best available evidence, we advocate this
no-touch surgical concept.
Selection biases inherent in all observational studies can-
not be overcome with more complex analysis. A well-
designedmulticenter, randomized, controlled trial is required
to obtain a definitive answer to this important question.
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APPENDIX. PubMed (MeSH) Terms
PubMed search was as follows: (stroke or ‘‘cerebrovascu-
lar disorders’’ or CVA or ‘‘cerebral vascular’’ or ‘‘cerebral
bleed’’ or neurologic or cerebrovascular) AND (‘‘coronary
artery bypass’’ or ‘‘coronary artery bypass, off pump’’ or
‘‘coronary artery surgery’’ or OPCAB or CABG) AND
(aorta or aortic or aortic no touch or anaortic or ‘‘no cannu-
lation’’)
Embase (EMTREE) Terms
Embase search was as follows: (‘‘Cerebrovascular dis-
ease’’ or stroke or ‘‘cerebrovascular accident’’ or ‘‘cerebro-
vascular malformation’’ or ‘‘neurologic disease’’) AND
(‘‘Coronary artery bypass graft’’ or ‘‘coronary artery surgery’’
or ‘‘ coronary artery bypass surgery’’ or ‘‘heart surgery’’)
AND (‘‘aorta’’:ti,ab or ‘‘aortic’’:ti,ab or ‘‘anaortic’’:ti,ab or
‘‘no touch’’:ti,ab or ‘‘no cannulation’’:ti,ab)rdiovascular Surgery c Volume 142, Number 2 e17
